Abstract. Quercetin, a typical flavonoid occurring in many herbs, has wide range of pharmacological activities. However, its limited lipid solubility restricts its bioavailability. In this paper, the solid dispersion of quercetin with phospholipid was prepared by solvent evaporation. The physical characterizations of its as well as corresponding physical mixtures were studied by Scanning electron microscopy (SEM), Fourier transform infrared (FT-IR), Differential scanning calorimetry (DSC), and X-ray powder diffraction (XRD), which revealed the changes in solid state during the formation of dispersion and justified the formation of amorphous phase. Solubility of quercetin in dispersion and free quercetin were also studies between n-octanol and aqueous solution with various pH values. It was showed that apparent oil/water partition coefficient increased significantly after forming solid dispersion, which may aid to improve the bioavailability and reduce dose of the drug.
Introduction
Flavonoids, a group of polyphenolic compounds that occur widely in plant kingdom, are categorized as flavonol, flavanone, flavone, anthocyanidin, and isoflavone. Over 4,000 different natural flavonoids have been described 1 and the list is increasing. Sound evidences on favonoids' health effects as regards the prevention of coronary heart disease [2] and the ability to exert anticancer [3] have been gathered from epidemiological and in vitro studies, potentiating their importance as a natural part of our daily diet. Most of the beneficial effects of flavonoids are attributed to their anti-oxidative abilities.
Quercetin (3,3´,4´,5,7-pentahydroyflavone), the major representative of the flavonol, is a typical flavonol-type flavonoid presenting in many herbs. It has been used in many countries as drug to relieve capillary impairment and treat venous insufficiency of the lower limbs, which indicates a multitude of pharmacological activities of quercetin in vitro as well as in vivo [4] , such as neuroprotective actions [5] , inhibitory effect on the growth of several human and animal cancer cell lines [6] , enzyme-modulating activities [7] and strong anti-oxidative activity [8] . Despite having various pharmacological properties [9] [10] [11] [12] , the application of quercetin in clinic is limited because its low aqueous and lipid solubility inhibit the absorption through lipid membrane. Since there are polar end and a polar part in phospholipid, the lipid solubility of flavonoids will increase when combined with phospholipid. Therefore, the bioavailability of many polyphenolic substances will be improved owing to the enhancement of drug absorption across the biological barriers when orally administered [13, 14] . In recent years, Bombardelli et al. has prepared several compounds of flavonoids with phospholipid and characterized by high lipophilia and improved bioavailability and therapeutic properties as compared with free, not complexed flavonoids [15, 16, 17] .
The solid dispersion of quercetin with phospholipid was prepared by the method of solvent evaporation to enhance the lipid solubility of quercetin in this paper. The interaction effect on the solid dispersion quercetin with phospholipid was obtained by FT-IR, powder X-ray diffractometry (XRD), differential scanning calorimetry (DSC) and scanning electron microscopy (SEM). The apparent oil/water partition coefficients (P) of free quercetin and the solid dispersion were also studies between n-octanol and aqueous solution in various pH values, respectively. The results indicated that the lipid solubility of quercetin increased significantly after forming solid dispersion.
Experimental

Reagents and Chemicals
Quercetin [18] (weight percentage content >95%, HPLC) was prepared by hydrolyzing rutin, which extracted from the flower of Japanese pagoda tree; phospholipid (phosphoatidylcholine>70%, Tongde Biochem.Co. Shanghai). All other reagents and solvent used were analytical grade which were purchased from China National Pharmaceutical Group Corporation (SINOPHARM). Water was obtained from Alpha Q Water (18.2MΩ.cm), Millipore.
Equipment
Infrared spectra (IR) of the films were measured by using a Nicolet (U.S.A.) 170SX FT-IR spectrometer and used as KBr pellets. X-ray powder diffraction patterns were recording on a SHIMADZU (Japan) X-ray powder diffraction XRD-6000 and used CuKa target at 40 kV and 50 mA, the diffraction angle ranged from 45-10° at the rate of 4°/min. The DSC of samples were performed in closed aluminum crimped cells by NETZSCH 200 PC at the heating rate of 10°C/min between 25 and 350°C temperature range under a nitrogen flow of 20ml/min. The surfaces morphology of powdery samples was examined by a Hitachi SX-650 scanning electron microscopy (Japan) after gold coating to render them electrically conductive.
Preparation of the Solid Dispersion of Quercetin with Phospholipid
Quercetin (2.0g) and phospholipid (4.0g) ‫,2׃1(‬ weight ratios) were dissolved in tetrahydrofuran (60ml) and stirred on magnetic for 3h at room temperature and then filtrated. The solvent was removed under vacuum and the residue was dried under vacuum at 50°C. After the solidification, the product was ground in a mortar. The dried powder was milled, passed through sieve (100#) and stored in a desiccator until further evaluation.
Preparation of Physical Mixtures
Accurate amounts of quercetin and phospholipid ‫,2׃1(‬ weight ratio) were pulverized and mixed fully in a mortar. The physical mixture was obtained and then passed through sieve (100#). The product was stored in a desiccator in room temperature.
Solubility Studies
50ml different pH 2.5, 3.5, 4.5, 5.5, 6.5, 7.5 aqueous solvent were prepared with concentrated HCl and water. The saturated solutions of quercetin and the solid dispersion in n-octanol were obtained by adding excess amounts of free quercetin and the solid dispersion to n-octanol, respectively. 10.0ml each of the above saturated solution and 20.0ml aqueous solvent of different pH values were exactly added to 50ml stoppered conical flasks and shaken for 6h at 25°C, and then transfer about 10ml of the above mixture solvent to a 10ml centrifuge precipitation tube and centrifugalized for 5min at 3000rpm. Accurately transfer 0.20ml clearing solution of n-octanol to 25ml flask and add methanol to the mark. The content of quercetin in n-octanol and water was determined by HPLC Agilent 1200 (autosampler, binary Pump, DAD detector, ODS C 18 , 5µm, 250×4.6mm, Chemstation workstation Version C.01.04). The apparent oil/water partition coefficient of free quercetin and in dispersion was obtained by the concentration of quercetin in oil (n-octanol) divided by the concentration of quercetin in water. A reversed-phase using a 50:50 (v/v) mixture of methanol and phosphoric acid (0.4%) as the mobile phase was used for the HPLC analysis of quercetin. The UV wavelength for the detector was set at 368 nm, a flow rate of 1.0 ml/min, injection volume is 10 µL, and column temperature is 30°C.
Results and Discussion
Infrared Spectroscopy
FT-infrared is of importance to the study of the molecular structure. The width and intensity of spectral bands as well as position of the peaks are all sensitive to environmental changes and to conformations of molecules. Intermolecular interactions occur when quercetin complexed with phospholipid, which is advantageous to the study of interaction between quercetin and phospholipid. As showed in Fig.1, the infrared spectroscopic (Fig1. c) of the physical mixture of quercetin and phospholipid is just the simple overlap of that of quercetin and phospholipid. However, the FT-IR spectra of the solid dispersion are different from those of free components, which show a characteristic carbonyl absorption band at 1664.00cm -1 , assigned to aromatic kenotic carbonyl stretching. In particular, the characteristic aromatic carbonyl-stretching band of quercetin appeared shifted to 1657.39cm -1 for dispersion product. The O-P-O asymmetric stretching of phosphatidylcholine is typically observed near 1233.55cm -1 in Fig.1 , whereas it shifted to 1245.96cm -1 in the FT-IR spectra of the solid dispersion. It is attributed to hydrogen bonding interaction with quercetin. Changes in the characteristic bands and intensity of pure quercetin and phospholipid confirm the existence of the solid dispersion as a new system with different spectroscopic bands. 
X-ray Diffractometry
The X-ray diffractometry patterns of quercetin and corresponding solid dispersion with phospholipid are shown in Fig.2 . In the X-ray diffractometry of quercetin powder, sharp peaks at diffraction angle of 2θ 12.48,15.86,23.88,24.88° are present and it suggests that the drug is presents as a crystalline material 19 The pattern of phospholipid has very broad peak, indicating it is an amorphous material. The X-ray diffraction patterns are expressed as simply mixed patterns of quercetin and phospholipid, quercetin and phospholipid showing their own peaks, because there is no interaction of the two components. Quercetin crystallinity peaks were still detectable in the physical mixture (quercetin: phospholipid = 1:1, w/w), just the intensity of characteristic peaks of quercetin decreased. However, the patterns of the solid dispersion in Fig. 2 show that the characteristic diffraction peaks of quercetin disappeared, and the intensity of the phospholipid diffraction peaks at about 15 to10° decreased. Since there is a large diffraction broad peak, it is no longer possible to distinguish the characteristic peaks of quercetin. The results indicate the occurrence of intermolecular hydrogen bonding between two components, and this interaction prevents the quercetin from "crystallization" by comparison of diffraction pattern for pure drugs with that for complexed. For phospholipid is an amphiphilic molecular, and its polar domain can provides sites for the specific binding with hydroxyl and carbonyl of quercetin through the bonding of hydrogen and Van der Waals force.
Differential Scanning Calorimetry
The quercetin is a di-hydrate molecular. The thermal behaviors of the pure components and of the dispersion obtained by means of DSC are shown in Figure 3 . It was found that the first peak of quercetin, at 137.0 °C, is related to a decomposition process with water loss to become anhydrous 20 . The phase transition peak at 323.2°C seems to be characteristic of a melting point of quercetin. The DSC curve of phospholipid showed three endothermic peaks at 91.7, 207.2 and 277.5°C, because phospholipid is a mixture and there are other component parts besides the phosphatidylcholine (>70%). These peaks may present the temperatures, which are the oxidation or thermal decomposition temperature of the parts, so the endothermal peak, the interconversion of phospholipid in their lamellar liquid crystalline, gel and crystalline phrase cannot readily be monitored 21 . The water loss peak of quercetin shifted to 138.2°C in the physical mixture, but it disappeared in the solid dispersion. When the temperature is over 300°C, phospholipid melt completed and interacted with the drug, then there is no the melt peak in the solid dispersion and physical mixture. The distances of the three peaks 94.2, 188.8, 262.8°C in the dispersion were shortened compared with that in mixture. In addition, there is a new peak in 47.9°C, which maybe resulted from the bonding of hydrogen, between drug and phospholipid, changing the thermal behaviors of quercetin. This can be assumed as a proof of interactions between drug and phospholipid, and indicated the formation of the solid dispersion. 
Scanning Electron Microscopy
The morphology of the pure drug and the solid dispersion are shown in Figure 4 . From the SEM analysis, quercetin was seen as needle-like crystals that formed aggregates [14] . Phospholipid is amorphous material, so there is no crystalline structure to shown in Fig.4 . The physical mixture showed the particles of quercetin covered by the phospholipid, so its shape was increased compared with the pure drug. The crystalline structure of quercetin can be identified in the mixture. In the dispersion, a drastic change in the morphology and shape of particles was observed in the 1:2(w/w) solid dispersion, and needle-like crystals of quercetin disappearing, indicating an apparent interaction in the two components.
Solubility Studies
The apparent oil/water partition coefficient (P) of free quercetin and quercetin in dispersion were showed in Fig.5 , respectively. The content of quercetin was determined by HPLC. The retention time of the drug was 11.2 min as Fig.6 showed. There is no interference of the phospholipid in the test the quercetin in dispersion at 368nm. P of dispersion obtained from Fig.5 is nearly 10-flod higher than that of free quercetin, which means that the solubility in oil of quercetin in the dispersion is remarkably increased. At the same time, the trends of their solubility in oil/water are similar that is useful for the application of the solid dispersion quercetin. 
Conclusion
Changes in shape and intensity of infrared spectral absorption frequencies characteristic of quercetin or phospholipid have been attributed to the presence of interactions between quercetin and phospholipid chains. The diffraction peaks of the dispersion disappeared and the thermal stability and the lipid solubility of the quercetin were improved markedly (the P about 10 times) through interaction with phospholipid. This point was confirmed by the results from SEM tests. All the data showed that the solid dispersion between quercetin and phospholipid was formed, and the trend of solubility in oil/water was similar. From the above results, it could come to the conclusion that the form of solid dispersion may be useful in improving the capable of dissolving in lipids and the bioavailability of quercetin in pharmaceutical preparation. Thus, it useful in improving the capable of dissolving in lipids and may be the bioavailability of quercetin in pharmaceutical preparation.
